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T h i s  program f u r t h e r  pursues the  i n i t i a l  successes obtained under NASr-12 

wherein it w a s  shown t h a t  t he  reac t ion  of bromine t r i f l u o r i d e  and potassium 

could lead t o  a s p e c i f i c  method f o r  oxygen. This  requi res  a q u a n t i t a t i v e  

demonstration w i t h  super ior  equipment uncie~ m 0 r e  ref ined operat ing 

condi t ions.  

The whole system has been designed with much o r i g i n a l i t y ,  and the major 

por t ion  has been constructed and assembled. It cons i s t s  o f :  a) a helium 

p u r i f i c a t i o n  sec t ion ;  b) a modified NASA'dxtruder; c) a 10- Torr vacuum 

system; d) a BrFs p u r i f i c a t i o n  and r eac t ion  system; and f i n a l l y ,  e) a 
spectrophotometric oxygen measuring sec t ion .  
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BROMINE TRIFLUORIDE METHOD FOR OXYGEN IN A L W I  lyIETALS 

TECHNICAL BACKGROUND 

The research  on NASr-12 program over the  pas t  y e a r s  had as its objec t ive  t h e  

development of a method f o r  t he  determination of oxygen i n  alkali metals with both 

p rec i s ion  and accuracy i n  t h e  l o w e r  ranges. A 1963 survey of a l l  methods f o r  

oxygen i n  a l l  a l k a l i  metals points  to t h e  wisdom of the  o r i g i n a l  premise by NASA 

1 

* t h a t  such a need must s t i l l  be f u l f i l l e d .  Even today, t h e  app l i ca t ion  of potassium, 

f o r  example, f o r  use i n  nuclear turbomachinery is  l imi ted  by the  qua l i t y  of t he  

a l k a l i  metal. 

The real e f f e c t s  of co r ros iv i ty  by potassium cannot be es tab l i shed  u n t i l  t he  accurate  

l e v e l  of impur i t ies ,  p a r t i c u l a r l y  oxygen, is known w i t h  reasonable ce r t a in ty .  

Towards t h i s  d i r e c t i o n ,  a great dea l  of t i m e  had been spent on the  development of 

a method of sampling t h a t  would have universal  appeal and appl ica t ion  t o  the  pre- 

f e r r e d  methods of any laboratory.  This, plus a number of minor developments on 

automatic t i t r a t i o n ,  a l k a l i  m e t a l  t r a n s f e r ,  etc.,  have been widely adopted. 

Before i t  is s a f e  t o  conclude t h a t  ce r t a in  mater ia l s  of containment a t  e levated 

temperature can s tand any a l k a l i  m e t a l ,  i t  w i l l  be necessary f o r  d i f f e r e n t  labor-  

a t o r i e s  t o  agree on the values f o r  oxygen. Unfortunately,  it is possible  a t  t h i s  

po in t  i n  t i m e  f o r  more than one laboratory t o  agree on t h i s  

both have d i f f e r e n t  oxygen values! Th i s  comes about because o the r  contaminants 

w i th in  t h e  a l k a l i  m e t a l  are unavoidably f i n a l l y  called oxygen i n  a l l  three of the  

present  a n a l y t i c a l  methods i n  vogue. In an attempt t o  circumvent a l l  of the d i f -  

f i c u l t i e s  a t tendant  w i t h  present  s ta te-of- the-ar t  methods, t h e  research here  

(1962-1963) w a s  d i r ec t ed  at an or ig ina l  hydrogen f l u o r i d e  method which had as its 

main ob jec t ive  s p e c i f i c i t y  for oxygen. 

V I  oxygen value" while 

The development a c t i v i t i e s  uncovered c e r t a i n  d i f f i c u l t i e s  w i t h  t he  HF-F, approach. 

The d i r e c t i o n  of t he  program w a s  changed t o  reac t ions  involving bromine t r i f l u o r i d e .  

'"Research on Analytical  Methods for Oxygen i n  Liquid Alkal i  Metals", H. Kir tchik and 
T. La jc ik ,  DM 63-233, General Electric Company, September 30, 1963. 
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The previous study conclusively establ ished the  f e a s i b i l i t y  of developing a 

specific method f o r  t he  ana lys i s  of traces of oxygen (5 to 150 ppm) i n  a l k a l i  

metals.  The method is based on the  reac t ion  of pu r i f i ed  bromine t r i f l u o r i d e  

(BrFs) with the  subjec t  metal (MI t o  l i b e r a t e  molecular oxygen which is then 

dynamically determined by t h e  Brady method. 

6MO + 4BrF3 = 6W2 + 2Br2 + 30, 

When reacted with bromine t r i f l u o r i d e ,  exce l len t  recoveries  of oxygen were 

obtained on test samples of potassium bromate (KBrG) containing between 25 and 

150 micrograms of oxygen. Thus, the  BrF, method is appl icable  f o r  ana ly t i ca l  

purposes a t  concentrat ion l e v e l s  as low as th ree  orders  of magnitude less than 

previously reported i n  the l i t e r a t u r e .  

The  NASr-12 program a l so  demonstrated q u a l i t a t i v e l y  the f e a s i b i l i t y  of applying 

t h e  method t o  potassium by t h e  react ion of BrF, w i t h  a contaminated potassium 

sample, which resu l ted  i n  a l a rge  measurable recovery of oxygen. The tests a l s o  

showed t h a t  BrF3 can be m a d e  under s p e c i f i c  condi t ions t o  r eac t  i n  a con t ro l l ab le  

m a n n e r  wi th  potassium m e t a l  without observable d i f f i c u l t i e s .  

The NASr-12 program was then concluded by showing t h a t  BrF, could lead t o  a novel 

and r e f e r e e  qua l i t y  chemical method. This would r equ i r e  a demonstration with 

supe r io r  equipment under more refined opera t ing  condi t ions.  This new program 

from NASA now allows f o r  t h i s  demonstration, and t h e  plan of a t t ack  follows the  

work statement contained there in .  

PLAN OF ATTACK 

To determine the q u a n t i t a t i v e  aspects  of t h i s  r eac t ion ,  a re f ined  apparatus is 

being constructed with the  awareness of the individual  highly r eac t ive  nature  

of  both t h e  a l k a l i  m e t a l  (K) and t h e  interhalogen (BrF3) and t h e i r  containment. 

Secondly, the apparatus must exclude a i r  and oxygen, the  very  element whose 

advent i t ious  presence m u s t  be r igorously avoided i f  one is t o  obta in  meaningful 

and s e n s i t i v e  r e s u l t s .  

- 2 -  
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The development program is subdivided i n t o  three  phases: 

I The design and construct ion of the over-al l  sys t em.  

I1 Cal ib ra t ion  of s ec t ions  of the  system. 

111 Determinations of oxygen i n  potassium under varying condi t ions using 

s ta t is t ical  methods and w i t h  purposeful addi t ions of oxygen-bearing 

compounds. 

The complete system is described below, including t h e  status of each sec t ion .  

1. The test apparatus has been designed and nearly completely constructed t o  

incorporate  the following fea tures  : 

a) A s to rage ,  p u r i f i c a t i o n ,  and t r ans fe r  system f o r  bromine t r i f l u o r i d e .  

In the previous NASr-12 work 

upright cyl inder  w a s  drawn in to  an evacuated and frozen Kel-F t rap .  

Hot water i n  a container around the  cyl inder  aided i n  the  t r ans fe r .  

The whole process w a s  laborious and required severa l  hours before 

even 50 m l  of t he  reagent were ca r r i ed  over. 

then forced over i n t o  the  Reaction C e l l  wherein p u r i f i c a t i o n  was then 

e f f ec t ed  j u s t  p r io r  to a run. This consumed f u r t h e r  t i m e .  To circum- 

vent these d i f f i c u l t i e s ,  t he  new system (see Figure 1 )  has the  cyl inder  

inverted and then connected to  a largC 500-650 m l  Monel Cylinder (as i n  

Figure 2 ) .  By simple evacuation with a roughing pump, i t  is expected 

t h a t  l a rge  amounts of BrF, will f r e e l y  t r a n s f e r  to the monel container  

within a s h o r t e r  period of t i m e .  The p u r i f i c a t i o n  of t he  BrF, w i l l  

take place here  and i n  advance of need. The container  is constructed 

i d e n t i c a l l y  t o  those i n  Drawing #4012093-787. A mating f lange  is being 

made w i t h  s eve ra l  pipe leads for BrF3, helium, and evacuation. 

(Page 735bromine t r i f l u o r i d e  from an 

The l i q u i f i e d  BrFS was 

Previous experience indicated t h a t  p u r i f i c a t i o n  w a s  obtained by simple 

re f lux ing  or  pumping a t  room temperature. The a l t e r n a t e  addi t ion  of 

helium and f r eez ing  r e su l t ed  i n  t h e  absorption of much of t h i s  gas. On 

- 3 -  
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FIGURE 2 Construction of Monel T r a p s  and C y l i n d e r s  
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thawing and fu r the r  pumping t h e  helium aided i n  the  removal of the  

impuri t ies  common to  bromine t r i f  luoride.  

m.p. OC b.p. OC 

BrFs -61.3 40 

OP, -223.8 -144.8 

HF -92.3 19.4 

Bra -7.2 58.8 

BrF, 8.8 135 

I n  addi t ion t~ the  easy  removal of t he  f i r s t  four  high vawr p r e s s u r e  gasess 

meta l l ic  f l uo r ides  remain behind or are i n e r t  h t e r  on. With the  container  

materials used i n  the  cylinder ( f e r r i t i c )  and i n  the  monel cyl inder  (Ni -Cd ,  

no oxyfluorides are present.  

Exact amounts of l i qu id  BrF, can then be t ransfer red  to the  Kel-F'  t r a p  

between the  Monel Cylinder s torage and the  reac t ion  vessel .  

t h i s  s m a l l  f l a r e d  Kel-F cylinder with i t s  monel head is a d i r e c t  copy of 

t h a t  used a t  both Argonne and Oak Ridge National Laboratories.  I t  w i l l  

be ca l ib ra t ed  f o r  i ts  volume content. Within a shor t  space of t i m e ,  i t  

is expected t h a t  the  BrF, forced i n t o  it from the  monel s torage  cy l inder  

by helium can then be quickly forced i n t o  the  reac t ion  c e l l .  After  t h i s ,  

addi t iona l  BrF, can be added to  the  Kel-F t r a p  and forced over ,  e tc . ,  

u n t i l  a known amount of t h e  bromine t r i f l u o r i d e  is then contained within 

the  reac t ion  cel l .  

As before,  

The s torage  cyl inder  is nearly completed and e s s e n t i a l l y  cons i s t s  of 

3" monel pipe h e l i a r c  welded to  shee t  monel. 

designed as a f lange  with 0 r i n g  grooving m a d e  with another monel f lange.  

Su i t ab le  f i t t i n g s  attached t o  d r i l l e d  holes i n  t h i s  l a t te r  f lange  w i l l  

allow f o r  t h e  entrance and e x i t  of t he  BrF,, evacuation d i r e c t l y  t o  the  

catch-al l  t r a p s ,  and f o r  helium purging. 

elsewhere w i l l  be e i t h e r  Viton or  Teflon. 

The upper sec t ion  has been 
I9 I f  

The 'b" r ings  used here  and 

b) A main r eac t ion  cell  f o r  the accommodation of a la rge  volume of bromine 

t r i f l u o r i d e  t o  allow f o r  the  sequent ia l  determination of mul t ip l i ca t e  

a l k a l i  m e t a l  samples. 

- 7 -  



The main Reaction C e l l  has been enlarged to contain over 500 m l  of 

l i q u i d  bromine t r i f l u o r i d e .  The design of t h e  c e l l  is  shown i n  

Drawing #4012093-787. 

This design allows f o r  the introduction of a l a rge  number of 

sequent ia l  samples of a lka l i  metal. Figure 2 shows t h e  cel l  ( t h i s  is 

i d e n t i c a l  to the  outer  t r a p  member shown). 

I t  i s  made of 3" monel pipe and shee t  stock. 

The reaction cell is connected t o  t h e  e x i t  end of t he  l a rge  b a l l  valve 

by an adaptor as shown i n  Drawing #4012093-785. This is a l s o  constructed 

of shee t  monel and 3" pipe. 

t he  p ipe  t o  allow f o r  t h e  entrance of helium, BrFs f r o m  t he  Kel-F t r a p ,  

and f o r  evacuation. 

t he  Reaction C e l l .  Figure 3 shows the  Adaptor. 

Several holes (not shown) w i l l  be d r i l l e d  i n t o  

1 /* o r  ye1' tubings w i l l  be attached and descend i n t o  

c) Lines of communication between va lves ,  helium pressure s y s t e m ,  evacuation 

s y s t e m ,  and t r a p s  f o r  t h e  proper conduction of oxygen and helium t o  the  

measuring system. Prec is ion  grade va lves ,  j o i n t s ,  and seals of co r r s s ion  

r e s i s t a n t  materials s h a l l  be used t o  i n su re  s y s t e m  i n t e g r i t y .  

The connections between a l l  members w i l l  be m a d e  w i t h  monel tubing and 

pipe f i t t i n g s  w i t h  welded construction. I n  some ins tances  where pipe 

threads are involved, Teflon tape w i l l  be used i n  conjunction with them. 

There has been d i f f i c u l t y  i n  obtaining a l l  monel valves w i t h  Teflon seals 

and s t r a i g h t  flow-through construction. The s e a l s  on a l l  mating f langes  

are 11 0" r i n g s  of Viton and Teflon. 

The l i n e s  f o r  helium are m a d e  of copper tubing and Swagelok f i t t i n g s .  

The monel t r a p s  have been designed to avoid clogging or otherwise imped-g 

t h e  flow of helium plus oxygen. Drawing #4012093-786 shows t h e  inner  

member of a t rap .  This a l l o w s  f o r  t op  loading of l i q u i d  nitrogen. 

This Inner Trap Member mates with the  ou te r  member shown in Drawing 

#4012093-787. Figure 4 shows the  manner of assembly. Holes w i l l  be 

d r i l l e d  i n t o  t h e  ou te r  3" trap f o r  intercommunication with o the r  s ec t ions  

of t he  apparatus by the  aforementioned p ipe  o r  tubing. 

- 8 -  
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FIGURE 3 Monel Ball Valve-Adaptor-Reaction Cell Combination 
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FIGURE 4 Xonel Cold T r a p  Assembly 
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d )  An extrusion s y s t e m  similar to  t h a t  designed by NASA. Several m o d i f i -  

ca t ions  have been made t o  t i e  i n t o  the  over-all  system. Since i t  has 

been recent ly  demonstrated by NASA t h a t  oxygen values one can expect 

(by the Amalgamation Method) are r e l a t ed  t o  the degree of vacuum during 

ex t rus ion ,  a more rigorous control  has been designed. A change i n  the  

method of operat ing t h e  actuators  t o  cu t  the pctassium metal and t o  

catch waste a l k a l i  metal has been made. An end p l a t e  of the  extruder  

is shown i n  Figure 5. Veeco bellows vacuum valves w i t h  the  s i d e  port  

of each sealed are used t o  provide the  lateral  motion f o r  the  c u t t e r s  

and drop-off t r a y .  The end of t h i s  bellows w i l l  be sealed t o  t h e  rods 

tha t  guide t h e  c u t t i n g  w i r e .  T h i s  arrangement w i l l  allow f o r  b e t t e r  

maintenance of vacuum. 

seal is used r a the r  than one depending on f r i c t i o n  (High Vacuum Shaf t  

Sea l  from Vacuum Research Corp.) between the  c u t t e r  rod and enc i r c l ing  

rubber washers t o  make a t igh t  seal during operation. The approximately 

ll/q" t r ave l  of t h e  b e l l o w s  is  s u f f i c i e n t  f o r  t h e  cut-off procedure. 

11 The improvement is  t h a t  a s t a t i c  0" r ing  type 

The top seal of the ex t ruder ,  which accommodates the  '/q" plunger rod is  

not eas i ly  modified by  a bellows arrangement. However, t o  overcome the  

usual rubber washer s e a l ,  a unique design and construct ion has been made. 

A s  noted i n  Figure 6 ,  two standard brass Consolidated Vacuum Corp. double 

'b" r i n g  s l i d i n g  seals (Type SR-25) were mounted one on t o p  of the  o ther  

by means of a hollow copper tubing. A p o r t  from t h e  hollow tube by another 

smaller s ized  tubing allows fo r  evacuation between the  seals during extrusion.  

The sea l ,  therefore ,  cons i s t s  of four  "0" r ings  w i t h  a pumped out volume 

between them. 

The rear s ight-glass  window (behind the  tube of potassium) has been 

extended out somewhat t o  allow f o r  a two-inch tubing attached a t  r i g h t  

angles to  i t .  A f lange  on t h i s  e x t r a  tubing connects to  the  vacuum 

s y s t e m  described l a t e r  on. This allows for evacuation of the  whole 

extruder  while closed off and isolated from t h e  reac t ion  c e l l .  

- 13 - 



FIGURE 5 E x t r u d e r  End-Pla tes  w i t h  Bel lows-Sealed A c t i v a t o r  Rods 
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FIGURE 6 Double Vacuum Feed-Through w i t h  Extruder-Rod 
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The f lange  on the  e x i t  lower end of the extruder  has a l s o  been changed 

t o  m a t e  w i t h  a ba l l  valve w h i c h ,  i n  t u r n ,  w i l l  connect t o  the  Reaction 

C e l l .  I t  i 5  a H i l l s  McCanna McCannaseal" top entry 2'' a l l  monel 

ball-valve with flanged ends. 

exclusively.  

i n  Figure 3, the  b a l l  valve is shown with the Adaptor and the Reaction C e l l  

i n  the manner i n  which they w i l l  be joined by "0" r i n g  seals. 

11 

Teflon packing and "0" r ings  a re  used 

The valve has been t e s t ed  t o  10- T o r r .  A s  noted previously 

e)  A vacuum system to evacuate the  over-all  sys t em and w i t h  appropriate  

b a f f l e s  and t r aps  to  minimize s y s t e m  contamination. The capab i l i t y  must 

be between lo-' and Torr. 

H i g h  vacuum i n  the  extruder and r eac t ion  c e l l  is obtained by means of a 

Veeco VP-9 pumping s y s t e m  connected to t h e  extruder  by means of +,be two 

inch port and l i n e .  The VP-9 s y s t e m  cons i s t s  of three basic elements: 

(1) an EP-2AB three s tage  f r ac t iona t ing  d i f fus ion  pump; (2) a low loss"  

l i q u i d  ni t rogen cold t r a p ;  and, (3) a Welch 1402 VEB mechanical f o r e  pump. 

These basic  components, along with a t tendant  plumbing, va lves ,  and gauges 

comprise a s y s t e m  capable of a t t a in ing  an u l t imate  vacuum of less than 10 

T o r r .  

1 )  

4 

I n  order t o  f u r t h e r  minimize back-streaming, the  s y s t e m  is provided w i t h  a 

water-cooled d i f fus ion  pump i n  place of the  customary air-cooled m o d e l  

whose back-streaming r a t e  is about .003 cc per hour a t  25OC. 

speed is  about 85 liters per second. 

The pumping 

Back-streaming is f u r t h e r  reduced by a l i qu id  ni t rogen cold t r a p  of 0.8 

l i t e r  capacity.  The cold t r a p ,  of s t a i n l e s s  steel and kovar construct ion,  

w i l l  func t ion  a t  l i qu id  nitrogen temperature f o r  6-8 hours per f i l l i n g .  

The 5 CFM f o r e  pump can a l so  be used f o r  rough-pumping of t he  reac t ion  

cel l  by means of an a u x i l l i a r y  vent valve of t he  quick-acting toggle type. 

- 16 - 
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System pressures  w i l l  be monitored by means of t w o  thermocouple gauges 

and a Bayard-Alpert type RG-75-KF ion iza t ion  gauge located a t  the  l i qu id  

ni t rogen t r a p  i n l e t .  One of t h e  thermocouple gauges is s i t u a t e d  a t  the 

i n l e t  por t  w h i l e  the  other w i l l  be used t o  measure f o r e l i n e  pressures.  

A '4" quick-coupling is  also provided i n  the s y s t e m  f o r  i n s t a l l a t i o n  of a 

m a s s  spectrometer leak de tec tor  o r  a backf i l l  gas cyl inder .  

f )  A helium NaK p u r i f i c a t i o n  system and helium flow cont ro l  sys t em.  

Linde commercial tank grade helium is metered i n t o  the  s y s t e m  by a 

Matheson Model #8-AF'-590 t w o  s tage regulator  with flow meter. I n i t i a l  

pu r i f i ca t ion  is accomplished by a t i tanium g e t t e r  furnace operat ing a t  

about 80OoC. 

26 inches long and 21/2 inches i n  diameter. 

sponge and t h e  c e n t r a l  port ion of t he  tube is heated by a Marshal tube 

furnace. 

T h i s  furnace cons is t s  simply of an Inconel tube approximately 

The tube is f i l l e d  w i t h  t i tanium 

Fina l  p u r i f i c a t i o n  of the  helium i s  achieved by passing the gas through a 

Mine Safe ty  Appliances Corp .  Model 15 N a g  bubbler. See Figure 7. Upon 

enter ing  the bubbler the gas first passes through a 

about pound of N a K  (44-56s K) a t  30OoC. 

19 hot  leg" containing 

I t  then passes through a 

cold leg" containing the same amount of N a K  a t  room temperature, and I f  

then through a demister t o  remove entrained m e t a l  vapor. Flow rates up 

to 1 SCFM at  pressures  as high as 150 ps ig  can be maintained without 

entrainment. Operational l i f e  without recharging is approximately 3,000 

hours. The  gas stream, ex i t ing  from t h e  bubbler, is s p l i t  to  provide both 

the Brady apparatus and the ana ly t ica l  s y s t e m  w i t h  pure helium. 

2.  The oxygen measuring s y s t e m  has been designed and constructed and cons i s t s  o f :  

a) A l l  g l a s s  modified s y s t e m  a s  i n  Figure 8 incorporat ing t h e  Brady pr inc ip le  

and s e n s i t i v e  t o  0.1 t o  100 pg of oxygen per hour. In essence,  oxygen 

( i n  t h e  helium stream) quant i ta t ive ly  r eac t s  w i t h  sodium anthraquinone-p- 

su l fona te  t o  change an a lka l ine  so lu t ion  of the la t ter  from red t o  
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FIGURE 7 Helium Purification System - Titanium Sponge Furnace 
and N a K  Bubbler 
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colorless. The change i n  absorbance is observed on a spectrophotometer 

by flowing continuously the so lu t ion  from a closed volume past  a s e n s i t i v e  

photocel l .  The ca l ib ra t ion  technique md da ta  w i l l  appear i n  a f u t u r e  

report. 

b) An improved straight-through absorption cell with precis ion p a r a l l e l  

g l a s s  s i d e s  (1 c m ) .  This replaces the  usual test  tube-like cell  

wherein the  mixing and flow of t h e  reagent so lu t ion  is s l o w  and less 

responsive photometrically. Figure 9 shows the  cell  with t w o  socket 

j o i n t s  f o r  interconnection w i t h  t he  remainder of the apparatus. The 

ana ly t i ca l  port ions of t h e  glass s y s t e m  have been painted black. 

c) A high precis ion narrow-band spectrophotometer i n  conjunction w i t h  a 

recorder  f o r  recording transmission changes versus t i m e  a t  a f ixed  

wave-length. A new model #139 Hi t ach i  Perkin-Elmer Spectrophotometer 

(shown w i t h  the  Brady apparatus i n  Figure 10) w i l l  be used. The gra t ing  

has 1440 lines/mm and a sl i t  width ad jus tab le  f r o m  0.005 to  3.0 mm. In 

conjunction w i t h  t h e  Brady apparatus and the  unid i rec t iona l  c e l l ,  the  

c a l i b r a t i o n  w i l l  be made t o  relate the  to ta l  accumulative weight of oxygen 

(as opposed t o  the  instantaneous amount) t o  elapsed t i m e .  F u l l  s c a l e  w i l l  

represent  a 10% change i n  transmission as compared t o  0-100% transmission 

formerly used. To simplify eventual read-out during an ana ly t i ca l  run,  

t h e  r e s u l t s  w i l l  be monitored on the Varicord Model 43 l inear - log  recorder 

also shown i n  Figure 10. Adjustable  ranges on both t h e  Spectrophotometer 

and t h e  Varicord w i l l  allow for the p lo t t i ng  of percent transmission versus 

elapsed t i m e  a t  constant wave length t o  obta in  prec ise  oxygen measurements. 

Changes i n  chart speed may be m a d e  to  determine optimum reading conditions.  

. 3. The over-al l  preliminary designed ana ly t i ca l  s y s t e m  is shown i n  Figure 1. 

The bromine t r i f l u o r i d e  w i l l  be t ransfer red  to  the morae1 s torage  and puri-  

f i c a t i o n  vesse l  by p r i o r  evacuation of the vessel .  Here t h e  bromine 

t r i f l u o r i d e  may be pur i f ied  by exposure t o  vacuum, bubbling pure helium 

through the l i q u i d ,  and f reez ing  w i t h  l i q u i d  nitrogen. By means of helium 

pressure,  t h e  bromine t r i f l u o r i d e  may be t ransfer red  to  a Kel-F measuring 

tube and required amounts may t h e n  be t ransfer red  t o  the  r eac t ion  vesse l  

i t s e l f .  
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FIGURE 9 Absorp t ion  Cell f o r  Brady Appara tus  
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FIGURE 10 Oxygen Measuring System - Brady A p p a r a t u s  and Perkin-Elmer 
S pec t ropho tome t er 
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The  monel adaptor (Figure 3) placed between t h e  H i l l s  McCanna b a l l  valve 

and the  reac t ion  vesse l ,  contains the necessary connecting p a r t s  f o r  vacuum, 

helium supply,  and communication to  other port ions of the apparatus. 

Following reac t ion  with potassium, helium may be bubbled through the bromine 

t r i f l u o r i d e  to  remove oxygen. The gas w i l l  then pass through t w o  monel cold 

t r a p s  containing a s u i t a b l e  r e f r ige ran t  and thence t o  the  Brady apparatus. 

The r eac t ion  cell  has been made la rge  enough to  run about 6-8 samples before 

disassembly. The feed-in s y s t e m  w i l l  a l l o w  f o r  helium to  flow both over t h e  

s o l i d i f i e d  BrF3 or through the  l i q u i f i e d  BrF,. 

c e l l  and the  a u x i l i a r y  Communication l i n e s ,  the main high vacuum s y s t e m  w i l l  

be by-passed t o  avoid contamination. The t r aps  between the  c e l l  and e x i t  

end towards the  measuring sec t ion  have been redesigned so as to  avoid 

clogging by carried-over BrF3 during t h e  ana ly t i ca l  runs. A minimum of 

f i t t i n g s  w i l l  be used. A l l  he l i a r c  welded construct ion w i l l  p reva i l  to  

insure  no leakage. A l l  s e n s i t i v e  p a r t s  w i l l  be monel, copper, or Teflon. 

In evacuating the  reac t ion  

The cold t r aps  above cons is t  of two concentr ic  vesse ls  (see Figure 4 ) ;  t he  

inner  one containing a s u i t a b l e  r e f r ige ran t .  A Teflon "0" r i n g  provides a 

seal between the two m e m b e r s .  Cajon ultra-high vacuum connections w i l l  be 

placed between the  various vesse ls  so t h a t  sec t ions  of the  apparatus may be 

e a s i l y  removed. These f i t t i n g s  axe of monel and may be equipped w i t h  either 

Teflon o r  nickel  gaskets.  

Valves which a re  exposed to  BrF3 or  i t s  vapors a r e  Durco plug-type v3lves 

manufactured by the  Duriron Company of Dayton, Ohio. These valves are 

constructed of monel w i t h  a Teflon s leeve  surrounding the plug which a c t s  

as a sea l an t .  Valve p a r t s  are equipped w i t h  

Teflon tape is used as a sea lan t  on a l l  pipe thread connections. 

1/4" female p ipe  threads.  
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WORK PLANNED FOR SECOND QUARTER 

c 

1. 

2. 

3. 

4. 

5. 

The Brady Apparatus - Spectrophotometric s ec t ion  w i l l  be ca l ibra ted .  This 

involves  the  electrolytic generation of oxygen from water and i ts  admit- 

tance i n t o  the  system. Faraday's l a w  is used here. 

F ina l  assembly of total  s y s t e m  and completion of leak checking. T h i s  

involves the intercommunication of t h e  helium pur i f i ca t ion  system, t he  

ex t ruder ,  the reac t ion  cell  sec t ion ,  t he  BrFS s torage  sec t ion ,  and f i n a l l y  

the  oxygen read-out sect ion.  

A task under t h i s  p a r t  of t h e  program w i l l  be t h e  determination of the weight 

of potassium extruded per f u l l  screw tu rn  on t h e  extruder .  A reproducible 

value w i l l  obviate  t h e  necessi ty  f o r  t h e  weight determination after 

r eac t ion  with the  bromine t r i f l u o r i d e  and, t he re fo re ,  permi t  the 

ana ly t i ca l  determination of several  potassium samples i n  t h e  same volume 

batch of t he  interhalogen without opening the  r eac t ion  cell .  For t h i s  

t es t ,  t he  extruded potassium w i l l  be dropped i n t o  a vesse l ,  covered with 

hexane, reacted with HC1, and f i n a l l y  weighed as KC1. 

The e n t i r e  system sha l l  then be ca l ibra ted  and checked out t o  e s t a b l i s h  and 

record the blank or leak rate when the bromine t r i f l u o r i d e  is i n  place. 

The  ob jec t ive  s h a l l  be $0 ob ta in  a f i n a l  reading of less than 10 micrograms 

of oxygen per  hour under conditions normally used for  an ana ly t i ca l  run with 

potassium. 

For t h e  addi t iona l  measurements of oxygen i n  potassium, the  design of a 

s ta t i s t ica l  method is now underway. T h i s  w i l l  allow f o r  t h e  various 

parameters such as sample size,  l i m i t  of oxygen weight, p rec is ion ,  etc. 
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